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An  analysis  was  made  of  the  sea  surface  temperatures  in  the  northern  No. 
Atlantic,  sea  temperature  in  the  0-200  m  layer  along  the  Kola  meridian 
( 70°E,  approximately)  between  70° jO*  and  72  dO'N  reflecting  the  inflow 
of  relatively  warm  No.  Atlantic  water  into  the  Barents  Sea,  and  the  sea 
surface  temperatures  in  the  V.estern  Mediterranean  affected  by  storms 
crossing  from  the  No.  Atlantic  by  the  way  of  the  Bay  of  Biscay,  France 
and  Spain  and  others  which  develop  locally  in  wake  of  cold  air  outbreaks 
from  the  Continent;  the  ice  off  Iceland;  and  the  air  temperatures  and 
pressures  over  the  northern  No.  Atlantic,  Greenland,  and  Europe  during 
the  period  1921-50  and  the  following  decades  1951-60  and  1961-70,  with 
the  ob,  ective  of  determining  a  possible  la£  in  the  ocean  vis-a-vis  the 
atmosphere  during  a  period  of  climatic  change.  The  results  obtained  show 
a  rise  in  the  sea  temperature  in  all  three  regions  in  the  decace  1951-60 
ana  with  little  chanpe  in  the  ice  cff  Iceland  from  the  period  1921-50 
which  preceded  it,  while  the  air  temperatures  were  declining  over  the 
northern  No.  Atlantic  inuicatinf  a  lap  in  the  ocean  vis-a-vis  the 
atmosphere.  The  results  further  show  a  fall  in  sea  and  iir  temperatures 
and  sharp  increase  in  the  ice  off  Iceland  in  the  decade  lf  '  •  One 

would  expect  should  the  decade  1971-'^  !  show  a  r  ise  in  air  temperatures, 
the  sea  temperature  would  lap  less  behind,  since  the  war  mi  np,  would  be 
limited  to  the  surface  layers  primarily.  _ j 
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An  analysis  was  made  of  the  sea  surface  temperatures  in  tile 
northern  Ho.  Atlantic,  sea  temperature  ir.  the  0-100  n  layer 
alonp  the  Kola  meridian  (70°E,  approximately)  between  70 °;0-  and 
7.0uO’K  reflecting  the  inflow  of  relatively  warm  Ho.  Atlantic 
■•-.ter  into  the  Barents  Sea,  and  the  sea  surface  .temperatures  in 
th°  '  eSte™  M««iterranean  affected  by  storms  crossinf  from  the 
Ho.  Atlantic  by  the  way  of  the  Bay  of  Biscay,  France  and  Spain 

1  nd  0thors  Vihich  de^lop  locally  in  wake  of  cold  air  outbreaks 
from  the  Continent;  the  ice  off  Iceland;  and  the  air  temperatures 
and  pressures  over  the  northern  No.  Atlantic,  Greenland,  and 
Europe  durinc  the  period  1911-50  and  the  follower  decades  1951- 

60  a“'"  196l~70’  "ith  che  obioctlve  of  determining  a  possible  lat 
l.i  the  ocean  vis-a-vis  the  atmosphere  durinj-  a  period  of  climatic 
Shame.  The  results  obtained  show  a  rise  in  the  sea  temperature 
in  all  three  re,  ions  in  the  decade  1951-60  and  with  little 
chan,,e  in  the  ice  off  Iceland  from  the  period  1921-50  which 
’receded  it,  while  the  air  temperatures  were  declining  over  the 
northern  No.  Atlantic  indicating  a  laC  in  the  ocean  vis-a-vis  the 
atmosphere.  The  results  further  show  a  fall  in  sea  and  air 
temperatures  and  sharp  increase  'in  the  ice  off  Iceland  in  the 
vec.de  1961-70.  one  would  expect  should  the  decade  1971-FO  show 
=  rise  in  air  temperatures,  the  sea  temperature  would  la,  loss 

•  ,  since  the  warminr  would  be  limited  to  the  surface  layers 

primarily. 
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On  the  Thermal  Lap  in  the  Ocean  during  a  Period 
of  Climatic  Change 

By  I.  I.  Jchell  ana  L».  A.  Corkum 
Ocean-Atnos,  here  Research  Institute 
Cambridge,  Macs.  Oll^d 

Introduction . 

As  can  be  seen  fron  the  extensive  literature  on  past  cli¬ 
mates  and  their  changes,  a  rreat  deal  of  stuay  and  thought  has 
been  devoted  to  this  problem. 

'..hethcr  we  look  to  predictive  theories  of  the  general  cir¬ 
culation  tr  provide  a  solution  of  this  problem  or  seek  its  solu¬ 
tion  from  a  study  of  the  changes  in  the  past  by  discovering  their 
orderly  secuence,  or  trace  a  connection  between  them  and  s^lar 
variability,  volcanicity,  and  other  possible  causes,  there  is  the 
need  for  establishing  as  accurately  as  possible  the  climates  of 
the  past  both  on  land  and  in  the  sea,  and  their  spatial  and  phys¬ 
ical  coherence  alony  with  a  need  for  aefininc  the  special  charac¬ 
teristics  of  the  climatic  elements  that  distinguish  one  from 
another ; 

One  such  characteristic  of  a  major  climatic  element  we  wish 
to  investigate  ir  the  response  of  the  ocean  as  compared  with  the 
atmosnhere  durinp  a  period  of  climatic  chanre. 

The  difference  in  the  thermal  and  dynamic  characteristics 
between  the  ocean  as  represented  by  sea  surface  temperatures,  ocean 
currents,  and  sea  ice  cover  (in  the  higher  latitudes)  on  the  one 
her.  ,  inn  the  atmosphere,  as  represented  by  air  temperature  and 


winds  on  the  other,  leads  us  to  expect  a  slower  and  hence  later 
response  of  the  ocean  durinp  a  period  of  climatic  change  than  in 
the  atmosphere.  The  following  is  an  analysis  of  a  possible  time- 
lar  of  the  response  of  the  ocecon  vis  a  vis  the  atmosphere  from  a 
consideration  of  the  sea  surface  temperatures  in  the  northern  No. 
Atlantic  and  Western  Mediterranean,  the  sea  temperature  in  the 
layer  0-200  m  alonp  the  Kola  (70°E)  meridian,  the  sea  surface 
temperatures  from  8  Ocean  Weather  Stations  in  different  loca¬ 
tions.  in  the  No.  Atlantic,  the  ice  off  Iceland,  and  finallv,  the 
oressure  distribution  (atmospheric  circulation  or  winds)  and  air 
temperatures  durinr  the  period  1921-1970  that  was  characterized 
bv  a  rise,  then  a  fall  in  temperature. 

3 .  Analysis . 

Mitchell  (1961,  196)),  following  hillett  (1950),  has  shown 
that  bepinninr  with  the  1940's,  the  averape  "world"  air  temper¬ 
ature  has  taken  a  downward  turn  while  remaining  well  above  the 
lonr-tcrm  averape.  The  chan~e  from  the  1940-9  to  the  1950-9 
decades  came,  he  founo,  to  -0.1°°C  for  the  year  as  a  whole,  and 
to  -0.2  °C  for  the  winter  season. 

Similarly,  .lodewald  in  a  series  of  papers  (196,,  1967,  1972a, 
19  .b)  treated  in  detail  the  sea  surface  temperatures  in  the  nor¬ 
thern  No.  Atlantic  observed  at  the  OAS  ships  which  he  compared 
■•*ith  the  air  temnoratures  and  the  pressure  distribution,  his  lat¬ 
est  results  showinr  a  m  irked  decrease  in  the  air  and  sea  tempera¬ 
tures  in  the  ,.o.  Atlantic-Arctic  in  the  most  recent  decade,  1961- 
70,  as  compared  with  that  which  preceded  it,.  Earlier  dmed  has 
sho ,n  (194  )  an  increase  in  the  sea  surface  temnerature  in  the 
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northern  Wo.  Atlantic  between  50°  and  66°II,  approximately,  that 
was  especially  marked  in  the  19^0' s. 

1*  Pressure  Distribution. 

For  evidence  about  the  chanr.es  in  circulation  and  wind* 
iurin,  the  1921- 70  period,  we  have  compared  the  pressure  over 
the  northern  h'o.  Atlantic,  Greenland,  and  Europe  durin  the  1921- 
53  period  with  that  in  the  1951-60  decade  and  next,  the  pressures 
in  this  decade  with  those  in  the  1961-70  decade. 

Figure  1  shows  an  area  of  excess  pressure  over  Greenland 
and  the  vicinity  in  the  1951-60  decade  over  the  1921-50  period, 
suggesting  an  increased  outflow  of  cold  air  southward  from 
Greenland  and  lower  air  temperatures  over  East  Greenland,  Iceland, 
northwestern  Europe  and  the  North  Atlantic  in  this  decade  (Fig.  2). 

Similarly,  the  area  of  excess  of  pressure  in  the  1961-70 
decade  over  the  1951-60  decade  extending  eastward  from  Greenland 
“O  •JCan  linavia  and  beyond  (Fig.  j)  signifies  a  greater  outflow 
of  cold  air  from  the  Arctic  in  this  decade  (1961-70)  than  in  the 
preceding  one  as  is  shown  by  the  lower  air  temperatures  (Fig.  U) . 
Also,  the  area  of  negative  air  temperature  differences  is  larger. 

2 .  Sea  Temperatures. 

a.  Northern  No.  Atlantic  Areas  A-N. 

For  analysis  of  possible  trends  in  the  sea  surface  tempera¬ 
tures  of  the  northern  No.  Atlantic,  we  have  made  use  of  the  mean 
monthly  tabulations  of  deviations  of  sea  surf  .ce  temperature  north 
of  N  in  areas  A  to  N,  as  designated  by  Smed  ( 19A9-1970) ,  limit¬ 
ing  ourselves  to  the  April-Sentember  values  for  which  mere  infor¬ 
mation  is  available  than  for  the  other  months.  The  results  ob¬ 
tained  from  the  comparison  of  the  temperatures  in  the  1951-60 


Difference  (1950/1-1959/60  minus  IQ 20/1- 1949/50)  Deceisber-rebruary  Pressure  (mb) 


Differences  (1951-1960  minus  1921-1950)  mean  annual  air  temper 
Circles  denote  locations  of  stations. 
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decade  with  those  of  the  1921-50  period  (Fip.  5)  show  higher 
values  (positive  differences)  in  all  but  one  area  (D)  in  the 
1951-60  decade  than  in  the  earlier  period.  The  air  temperatures 
showed  a  small  decline  (Fip.  2).  The  results  of  the  compax'ison 
in  the  sea  surface  temperatures  in  this  region  between  the  1951- 
6u  ana  lc'6l-70  decades  show  a  sharp  drop  (Fif.  6). 

b .  Western  Mediterranean. 

another  comparison  seeking  to  establish  a  thermal  lap  in 
the  ocean  vis-a-vis  the  atmosphere  was  made  by  means  of  the  mean 
January-March  and  July-September  sea  surface  temperatures  of  the 
..estern  Mediterranean.  This  repion  in  the  colder  half  of  the 
year  is  subjected  to  No.  Atlantic  storms  crossing  into  the  area 
by  the  way  of  the  Bay  of  Biscay,  Spain,  and  France,  and  bv  storms 
which  develop  locally  with  cold  air  outbreaks  from  the  continent 
sweepinp  over  the  relatively  warm  sea.  Fipure  7  shows  the  tem¬ 
perature  in  the  1951-60  decacie  was  hipher  than  in  the  1921-50 
period  while  the  air  temperatures  were  declininp  over  France, 
opain  and  elsewhere  (see  Fip.  2).  The  fall  in  the  mean  January- 
March  sea  surface  temperature  in  the  decade  1961-70  from  the 
previous  decade  (Fip.  S)  would  be  expected  to  have  resulted  from 
a  southward  shift  in  storm  track  over  the  No.  Atlantic  (Fipj.  U) 
and  more  frepuent  outbreaks  of  colder  air  from  the  continent 
leadinp  in  each  instance  to  a  coolinp  of  the  waters  and  to 
lower  sea  surface  temperatures. 

A  similar  trend  as  for  the  January-March  sea  surface  tem- 
neratures,  namely,  hipher  July-September  sea  surface  temperatures 
in  the  lc,51-o0  decode  than  in  the  19*21-50  period  was  found  in  most 
areas  also  in  this  cuarter  (Fip.  9)  while  the  air  temperatures, 


rifure  5 
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as  we  have  seen,  showed  u  small  decrease  (Fir.  -). 

wne  suspects  that  the  increase  in  thp  July-Septeraber  sea 
surface  temperature  in  the  1951-60  decade,  ns  well  as  the  de¬ 
crease  in  the  19ol-  0  decade  from  the  decaae  which  preceaed  it 
( r  .  io)  was  in  part  duo  to  the  persistence  of  the  temperatures 
anomaly  in  the  cold  season  ( January-March )  since  few  if  any 
storms  cross  into  the  western  Meuiterranean  from  the  IIo.  Atlantic 
in  the  warm  half  of  the  year. 

c .  Kola  Meridian  Section  Temperature  (0-200  m) . 

Another  comparison  to  demonstrate  a  possible  lop  in  the  ocean 
vis  a  vis  the  air  was  made  from  a  consideration  of  the  Kola 
Meridian  Section  annual  temperatures  in  the  0-200  n  layer  be¬ 
tween  latitudes  70°.>0,!I  and  7_J°2j,Ii  alonp  the  70°£  or  Kola  mer¬ 
idian.  The  small  increase  of  0.1o°C  in  the  temperatures  from  the 
1  ".1-50  period  to  the  1951-60  decade  (Fip.  5)  is  in  keeping  with 
the  increase  in  the  sea  surface  temperature  in  the  area  to  the 
south  (A-1J)  as  is  the  uecrease  of  0.1S°C  in  the  1961-70  decaae 
i  rorn  the  1-  ^1-60  decade,  the  increase  in  temperature  in  the 
lc  51-60  decade  sho  .inr  a  thermal  lap  also  for  the  inflow  of  warm 
water  into  the  Barents  Sea. 

d .  Ocean  '  gather  Stations,  Q'.'S . 

An  independent  comparison  of  the  sea  surface  temperatures  in 
ti  e  northern  i.o.  ntlantic  is  available  from  the  free  uent  observa¬ 
tions  taxen  rt  the  0,5  ships  which  bepan  in  the  ]nte  19^0's. 

The  decrease  for  the  most  part  in  the  temperature  at  these  sta¬ 
tions  from  the  1951-60  to  the  19 61-70  decades  (Fir  .  11)  corro¬ 
borates  the  findin  s  based  on  the  analysis  of  temperatures  in  the 
areas  A  to  U  (Fi  .6). 
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e .  Ice  off  Iceland  . 

ihe  severity  of  the  ice  off  Iceland  (Koch,  1945;  Eythorsson 
-na  oi^.try^r sson ,  1971)  for  whi^h  data  in  some  netail  (o  back  to 
the  mid-18th  century  and  in  more  general  form  to  the  time  of  set¬ 
tlement  of  Iceland,  may  be  next  considered  for  an  analysis  of  a 
la£  between  the  ocean  and  the  atmosphere. 

The  sharp  increase  both  in  the  duration  and  the  spread  of 
the  ice  alone  the  coasts  of  Iceland  in  the  1961-70  decade  over  the 
previous  decade  (Fip;.  12)  is  consistent  with  the  greater  build-up 
of  cold  air  over  northern  Greenland  and  to  the  eastward,  as  well 
as  an  assumed  greater  frequency  of  northerly  winds  in  that  decade 
than  in  the  earlier  decades.  The  significant  increase  in  the  ice 
c.urinr;  this  decade  would  be  due  to  a  marked  southward  transport  of 
ice  from  the  main  pack  in  the  north,  and  also  to  the  formation  of 
more  younp  ice  as  a  result  of  the  lower  air  ten  eratures.  The 
indicated  smaller  increase  in  northerly  winds  in  the  1951-60  de- 
c  de  over  the  19*-1~C'J  period  than  in  the  1961-70  decade  presumably 
was  insufficient  to  produce  a  marked  increase  in  the  ice  transport 
and  formation  of  younp  ice. 

f .  No.  Atlantic  heather  Types  (British  Isles) . 

As  further  evidence  of  climatic  changes  from  the  1921-50  to 
the  1951-60  and  1^51-60  to  the  1961-70  periods  in  the  northern 
1,0 •  Atlantic,  we  investigated  the  trends  in  the  frecuencies  of 
British  Isles  ’feather  Types.  A  decreased  frequency  of  westerly 
type  of  circulation  reflects  a  less  zonal  flow  and  an  increased 
meridional  type  of  circulation  and  hence  lower  temperatures. 

Thus,  the  avera  e  freruency  of  the  westerly  weather  types  (zonal 
flow)  was  27.6^  in  the  period  1929-49  as  compared  with  ;.4,7/0  in 
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the  decade  1950-59  and  only  21. 95^  in  the  following  decade,  1960- 
69  (Lamb,  1972). 

Data. 

The  data  used  in  this  study  came  from  various  sources. 

The  mean  monthly  sea  surface  temperature  deviations  of  the  are  <s 
A-N  (north  of  50°'d)  were  taken  from  the  Annal .  Biol . ,  Cons . 
Internl.  Explor.  Mer,  Vols.  2-26  (1947-1970). 

The  sea  temperatures  in  the  layer  0-200  m  along  the  Kola 
meridian  were  adapted  from  tabulation  by  Sleptsov- Jhevlevich 
(1967)  with  those  for  more  recent  years,  from  the  Annal .  Biol . , 
Cons .  Internl .  Explor .  Mer,  Vols.  22-26.  The  ice  off  Iceland 
values  were  taken  from  computations  by  L.  Koch  (1945)  as 
extended  by  J.  Eythorsson  and  H.  Sigtry£gsson  (1971).  The  O'..o 
air  ana  sea  surface  temperatures  were  taken  from  Mariners 
Leather  Log  and  in  part  were  made  available  by  the  Meteorol . 
Office,  Bracknell.  Other  sources  were  Loi  Id  Leather  Records 
and  Monthly  Climatic  Data. 

In  seeking  to  establish  the  thermal  lap  between  the  oceans 
and  the  atmosphere,  we  have  limited  our  study  to  data  from  the 
open  ocean  since  observations  at  coastal  stations  when  the  pre¬ 
vailing  winds  are  from  land,  would  partially  roflect  also  the 
air  temperatures. 

.  Remarks. 

Since  the  increase  and  decrease,  respectively,  in  the 
annual  sea  temperature  in  the  0-200  m  layer  along  the  Kola 
meridian  reflects  largely  the  advection  of  relatively  warm 
water  into  the  Barents  Sea  from  the  southwest,  we  may  conclude 


that  the  increase  and  decrease,  respectively,  in  the  sea  surface 
temperature  in  areas  A  to  N  and  at  the  O'.’S  stations  were  also 
primarily  the  result  of  advection  (see  also  Midtun,  1969).  It 
uill  be  noted  that  the  decline  in  air  temperatures  in  the  1950’s 
aid  not  reach  the  western  mediterranean,  dad  this  been  the  case 
the  increase  in  the  mediterranean  mean  sea  surface  temperature 
mirht  have  been  sma?"»r. 

The  thermal  la£  in  the  ocean  durinf  the  climatic  change 
period  1921-1970  ns  exemplified  primarily  by  the  increase  in  the 
sen  surface  temperature  during  the  1951-60  decade  while  the  air 
temperature  was  declining,  presupposes  climatic  la(  s  for  other 
neriods  a^  *-ell,  and  with  lonrer  time  la/  s  in  the  oceans  durin, 
Ion/ er  climatic  or  climate  periods  (see  Emiliani,  1955). 
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